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CONTROL MICROBIAL POPULATIONS 
IN THE GASTROIimSTIN AL TRACT OF ANIMALS 

aACKGkC JM> OF IHE l?4VENTION 

Field of tliu luventioii 

The present invention is related to methods for ruiucmg and/or preventing 
microbial contaimnaiion in the gastrointeaiinal tract of animals. 

Backgro\i ; « of iiuieL. UedAi t 

The Public Mealtli Scrvice/Centei^j for Disease Control and Prevention 
report that each year millions of Americans shikx illness caused by foodbome 
lAfectioh. The Centers for Disease Control and Prevention i*eported that 79% of 
dutbre^ beWt&a 1987 and 1992 ' weie bacterial. Hovt recCTt data obtained 
■ ' ' "tteough the CDC-FoodNei mdicated ihat diis trend lias m^reased m 1998 to an 
alarming 94%, or y,213 out of 9,787 couiinned cases of food derived infection. 
The reasons tot ti^vise in;:;xv^i^es are not clear, thougli jibme microbes have 
demonstrated resistanct; to si^jidard mcthoos of prepaiation and storage of foods, 
not to mention a growing n^isUoic^ to couventiona! antibiotics and disinfectants. 
Additional adverse ptv^sures on the inlaobial character of fresh and processed 
foods include changes in agronomic and food processing practices, increased 
susceptibility of humans to certain pathogens, and the emergence of new virulent 
strains of bacterial, viral and emerging non-bacteiiai pathogens. The United States 
Department of Agriculture esiimates that medical costs and productivity losses for 
7 specihc widespread pathogens in food range between $6.5 billion and $34.9 
bilUon annually. These estimates do not include tlie total burden placed on society 
by the chronic illness caused by some foodbome patlicgens. 
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Research in the meat industry has clearly shown that a principle source of 
pathogCT contamination on animal carcasses is the contents of the gastrointestinal 
(GI) tract (ingesta). Due to thQ metboc''' arc? equipment used during the processing 
of meat anr^als and pcultrj^ ip impossible to prevent tearing of various 
constituents of the GI tract and subsequently releasing all or portions of the ingesta 
onto the fresh meat surjGaces^ The f revalencf of^Jipf/r^ Campylobacter on 

retail poultry carcasses remains a significant public health concern. Salmonella and 
Campylobacter together are thought to be. lespposfble for the majority of acute 
cases of gastroenteritis . E. coli 01S7:H7 wasikst recognized as a human pathogen 

in 1982 when two outbreaks m the United States were associated with 

. .... ? 

consimiption of undercooked hamburgers from a fast-food restaurant chain. The 
pathogen has since emerged as a msQ^f^^y^p if%h^p^ ?£ad nonbloody diarrhea, 
, causing as- many as 20,000 cases of g^s^Foei^te^tis and 250 deaths per year in the 

United States. Listeria monocytog&ies tnxjfx^xd^pn Itas been recognized as a major 
source of human listeriosis since the earljf, i^8Qi$.-J.is;tjpnosis can cause stillbirths, 
miscarriages, meningitis, or sq>$is in ,nnn|^99Qpp|p^m hosts. Case-fatality 
rates as high as 40% have been reportpd^during outbreaks. Outbreaks have been 
associate with ready-to-eat foods, jnp ludaig thp^p produced from fresh-processed 
. foods containing meat 9r a^^^ deji^^ i5gre^^nts. This serious food safety 
problem has ledtto. the des^^pmpnt of n^imerous technologies to address the 
spreading of animal ingesta ^onto ibe meat surfaces dpring slaughter or the 
\ . i ^ disinfection of the.ing^ta prior to slaughter. 

Current practices in conned aniinal production include placing the animals 
through a . feed withdrawal period for 4 to 18 hours prior to transportation to the 
slaughter facility. It is durii^g this feed withdrawal period that poultry begin to peck 
at the bedding material that, by the time the birds are ready to be shipped to the 
; abattoir, becomes severely contaminated with feces. If these feces contain 
pathogenic bacteria (i.e.. Salmonella or Campylobacter)^ these organisms will 
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qmci:l> ec!ojize oigan litmen Si'^ab tbrcujbout the digestive tract of the birds, 
especially in ih;- upper GI tRic:. 

Investigations of pouitk^^ processiiig plants revealed that the primary 
digestive organ responsible for harboring most of the harmful upper GI tract 
L^c^OT* is the Crop. Difriiig automated eWsceratiot- procedures^ the contents of the 
crop are almost alwaj^s emptied onto processing ctquipmeit aiid/or onto the freshly 
exposed surface of the bird. 

Wliile tOiOnization of the food aiiimal'ji ga^trointeslfnal tract may or may 
not cause disease in ihe animal itself , reriioval of GI tract bs^cterial does decrease 
ti*;: fti>w :arri.j d{£:eu;j kisk asso^ v/itli c;l Ta3irpti<iP of meat and meat 
b>pAX>dact£. However, rwait data has suggested 2iat cploniz^tion of the human GI 
iiucx by certain mici^bKjs may also liad significiEint >Jisease risk. It is estimated 
that 10% of the people of the US m« afflicted by peptic rlcer disease. It is now 
generally cccepted tiiat significant percentage of peptic ulcers in humans are 
caused by, oi c.-cac..oawed by, one or more species of bacteria, including 
ILuicobacter pylo. :. . \ Jd-ti, ^aiiy, uiiw/ GI tmct diseaijes »:) nought to be linlced to 
Lracteria ovir*>v.^uiaii^n incH,* bc ./o'^ inflamato/y disease and sluggish bowel 
^yiidrbn^v. 

Hierfefore, tht::, U a risr-il ici a metliod cf conirolling the microbial 
population in the gastrointestinal tract of animals. It would be desirable if the 
metliod involved non-invasive, oral administratiui of a biocidal compound or 
composition tliat could be added to drinking v/ater, feed/foodstufifs, or other 
ingestible forms. It would be cvan more desirable if the presence of the corripound 
or composition in water cr feed/foodstufifs did not effect tl:»e consumption of the 
watei* or feed/foodstuffs by the arnmals. It would also be desirable if the 
conipound or composition would decompose or form by-products that are harmless 
to the animal and, ir* the case of animals to be slaughter^ for consumption, either 
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ihe byproc icts are no( p'^'.litioned in or on the ediUe portions of tht caix:ass or are 
harmless to (hose consuming the meat of the aaimal. 

SUMMARY OF THE INVENTION 

The invention is a process for preventiQig miipr&bial growth in the digestive 
tract of living vertebrate animals, particulody food animals. Control of microbial 
growth is achieved by the step of ^plying ,&.pOT:aibQxylic acid or a mixture of 
percarboxylic acids to an aqueous stream which is subsequently consumed orally 
by the aaimal. The formulation can also be imixed into food items or into 
particulate or similar i^aterials, or packaged in ingcstible capsules, whereby the 
active angredient enters the body. of t^«c.anim^',feu^i^a ^ oral cavity through 
• feeding behavior, or food , scavenging, or particulate scavCTging activities of the 

animal. Formulations may also faie spmyed^ 9nto the outside of the animal and 
taken ocally. - j 

' •» The process- of the invcirtion *m unsxpectedly «fifective in preventing the 

r xl growth of imwanted t!nicroorga^risntls^witfein bod digestive tract of 

animals prior to the-Maugb^ of ,£ae ai^iaaai. TTie fomiulation exerts its 
decontaminating effect beyond the oral cavity and into the intestinal regions of the 
animal. The oral consumption of appropriately formulated percarboxylic acids 
' 'w4iu;es an unexpectedly (ligb jtevel of mf^rcal deccntatnination of the animal. 

The process of the invention provides an antimicrobial agent useful in 
poultry production, such as during the feed withdrawal period that usually extends 
0.1 to 1.5 d^s prior to slaughter. A high degree of internal antimicrobial efficacy 
is combined with a high degree of pa?atability by the animal The formulation can 
be safely ingested by animals or by humans while imposing no environmental 
incompatibility or ill health. The consumed percarboxylic formulations break 
down inside the animals body to harmless end products. 
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Diflferentiation cf antimicrobia' " -riO^^" oi •>5fc.l{c" activity, the definitions 
which describe the degree of efficacy, and the ofiBcial laboratoiy protocols for 
measuring this efficacy are important considerations for understanding the 
relevance of antimicrobial agents and compositions. Antimicrobial compositions 
may effec* two kinds of microbial cell damage. The first is a truly lethal, 
irreversible action resulting in complete microbial cell destruction or 
incapacitation. The second type of cell damage is reversible, such that if the 
organism is rendered fiee pf the agent, it can again multiply. The former is termed 
bacteriocidal and the later, bacteriostatic. A santtizer and a disinfectant are, by 
definition, agents which provide antibacterial or bacteriocidal activity. In contrast, 
a preservative is geiier^lly described au aa inhibivx>r or bacteriostatic composition. 

ERiFr ; E? ^rn iio?! of tee drawings 

FIG. 1 is a graphical depiction of the mean weight loss or gain (grams) of 
bioileiK (13= '^.O r .5ei 7h &xfOdVL:t to peracetic arid (PA), perlactic acid 

(PL), j: : epJHc (P 2) d.Inii > £ii^r. 

FIG. 2 is a gra^ical depirt:or- of the i« vitro redaction in Salmonella 
enteritidis afit^. t m.^ :o . aricu* concentrations of peracedc (PA), perlact^x 
(PL), and percitric acids (PC) in the presence of autoclaved bioi= er feed. 

?IG. Z is ^aphlcai depiction ^f the reduction oiLalmor.dla enteritidis in 
broilsr aops aflei exposure to percitric (PC), perlactic (K or peracetic acid (PA) 
in the drinking water during 8k of feed withdrav/al. 

FIG. 4 is a graphical depiction of the reduction of Salmonella enteritidis m 
broiler crops after exposuj-e to 0.003% perlactic acid solution in drinking water 
during feed withdrawal, bo-ii with and without 8h water restriction. 

FIG. 5. Gn^hical depiction of the reduction of Salmonella in broilers 
consuming water (control), 30 ppm perlactic acid (PL) solution, and the two main 
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parent constituents of the perlactic acid solution, lactic acid (LA) and hydrogen 
peroxide (HjOj) together m 

DETAILED DESCRIPTION 

The present inventioh provides a ntethod ' for controlling microbial 

populations in the gastrointestinal tract of anim&Is. Tde method comprises the stqj 

of orally administering an effective arhount 6f a peracidl to an animal. 

f 

The term "'animals'' as used herein rnean^ humans and other vertebrate 
animals, including poultry, fish, cattle, swine, goats, lambs, dogs, cats, rodents, 
'rabbits, birds, deer, non*htiman pnmatbs, and oth^. 

If the peracid is to be delivered to a food animal for the purpose of 
preventing contamination of meA surfaces diS^ skf then it is preferred that 
the peracid is administered over a period just preceding slaughter. 

The peracid is the reaction p^du^t fomsd bi^ combining: 
(i) an orgaii^ acM h^vio^ one to i;ight ctfbon atoms; 
. / ' ^ (ii>ian inor^uiipteid; ar : ' * . 

(iii) an inorganic ;eer<^d^ cc^sspound.: 
.1 ^ * . / • • V . ' 

A method for controlling microbial populations in:the gastrointestinal tract of 
artjni^s, comprismg the stq> of orally administeinig an effective amount of a 
compound having the formula: . ; 



O 
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where K is a group jelected from alkyl, axylalkyi, cycloalkyl, aromatic or 
heterocyclic; and where n is one or mo/e. 

The percxide of many organic acids have the attributes of hydrogen 
peroxide - effective germicidal and sterilizing capabilities^ benign decomposition 
products, md infinite water solubility - but with greater lipid solubility and 
freedom nor. \ eactivation by catalase and peroxidases. The peroxide of acetic 
acid, peroxyacetic acid, or peracetic acid (PAA) is an effective biocide with no 
toxic residues and is wid'^ly used as a surface disinfectant in the food processing 
.ndusUy. PAA if, a more potent aniiuuciobiai agent than hydrogen peroxide alone, 
bciiig rapidly acuve at iow concentrations against a wide spectrum of 
microorganisms. . t iit; s^:roiicidal even at low temperatures and remains effective in 
the presence of organic matter* As a weak acid it is more active on the acid side but 
is germicidal with higher concentration in the alkaline rjnge. Like hydrogen 
peroxide (HP), it useful both in solution and as a v^or These properties make it 
a remarkably valuable compound. 

Peroxides in genexal are high-energy-state compounds, and as such can be 
considered thermodynamically unstable. PAA is considerably less stable than. HP. 
40% PAA loses 1 to 2% of its active ingredients per month, as compared with HE' 
(30 to 90%), which loses less than 1% per year. The decomposition products of 
PAA are acetic acid, HP, oxygen and water. Dilute PAA solutions are even more 
unstable: a 1% solution loses half its strength through hydrolysis in 6 days. 

It may therefore be desirable for the practice of this invention to mix the 
components of the peracid or peroxygen solution at or near the location at which 
the biocidal solution is to be used. The individual componets may therefore be 
prepared commercially as separate containers or matched together such that the 
number of components for the final formulation is minimized but the stability of 
the precursor solutions is maximized. PAA is produced by the reaction of acetic 
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acid or acetic ^ydride with HP iji the pre$enpe of sulfuric, ac^, which acts as a 
catalyst, as shown: 



CH3C +H2O2 — — ' CH3C VHjO 
- OH . . . OOH- 



The oxidation of organic carboxylic acids^ with hydrogen peroxide and an 
inorganic acid .catalyst is the best general method for the, preparation of peroxy 

. B— C — OH 

r or/f ? 1 f . ' • ' ! i 
acids. The most common catalyst for aliphatic R in ^ is concentrated 

. ■ . -r- . ft r^ii 

sulfuric add. The reaction is an equiUbrium and is dnven to the right by removal 

of water or by the use of excess reagents. For aromatic R {he best catalyst is 

• -v-^-* !:/r-^^ ?i i : ■ ^ 

methanesulfonic acid, which can be also used as the solvent. 



Peroxygenated caxboxyUc acids have been shown to have excellent 
antimicrobial activity and have found utility in disinfecting diverse surfaces. These 
peroxy carboxylic acids are only moderately stable in aqueous solutions and 
therefore are most effective when used soon after the solutions are made. Examples 

of peroxygenated carboxylic acids include the following: perfonnic, peracetic, 

■ '-'^ ■ * - ' 

perproprionic, peroxyheptanoic, peroxynonanoic, perlauric, monoperglutaric, 

dipergiutaric, succinylperoxide, derivatives of perbenzoic acid, magnesium salt of 

peroxyphthaiate, benzoyl peroxide, t-butylhydroperoxide, perlactic, percitric, 

perbutyric, peroctanoic, and pcrglycolic. Peroxygenated carboxylic acids are often 

known as, or referred to, by peracid compounds, peroxygen compounds, peroxo 

compounds and peroxides of organic acids. 
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A'xjong other coostituentr*, the mveation comprises a carboxylic acid. 
Generally, cuiioxylic apids have the foraiul^ R~COOH wherein the R may 
represent any number of different groups including aliphatic groups, alicyclic 
groups, aromatic groups, heterocyclic groups, all of which may be saturated or 
unsati.iated as wfU as substituted or unsubstituted. Carboxylic acids also occur 
havir^g one, tw©, three, or more carboxyJ'c grDiq)s. 

C«rboxylic acids have a tendency to acidify aqueous compositions in which 
they arc present as the hydnogen atom of the carboxyl gn>np is active. Therefore, 
the carboxylic acids may appear as an anion in solution. The caifooxylic acid 
constituent within the present composition when comtmed ^vith aqueous hydrogen 
p^xide j^^i^erally fimctir zay anHmr/robial agent a? a itjsnlt of the presence of 
the active hydrogen atom. Moreover, the carboxyHc acid constituent within the 
invention iraintains the composition at an acidic pH. 

Caiboxylir » .?Ms v/bi>h ?m graer^Jly useful in the process of the invention 
are thoTe which com^se p-?!:c^ -boxyJic ?cidi^ Percarboxylic acids generally have 
the formula RCCO^H)^, wfep^ !? is an alVy- , arylalkyl, cycloaikid, aromatic or 
heterocyclic group anf* r * - on^ two, three, and named by prefixing the parent 
?.d6 witi pcT^xy. 

Peracid powder C'i'--'rfe:tarit^. ^^so useful in this inventicii can be derived 
from water plus mixtures of organic acid reservoirs (e.g., anhydrides, amides, and 
esters) added to hydrogen peroxide reservoirs (e.g., sodium peroxide). 

While peroxy carboxylic acids ar; not very stable, their stabiUty generally 
increases with increasing molex:ular weight, Thenoial decomposition of these acids 
may generally proceed by free radical and nonradical paths, by 
photodecomposition or radical-induced decomposition, or by the action of metal 
ions or con^lexes. Percarboxylic acids may be made by the direct, acid catalyzed 
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tquilibriom acdon of 30-98 vrt. % hydrojgcn peroxide witii the carboxylic acid, by 
autoxidation of aluchydes, 6r from acid chlorides, kad hydrides, or carboxylic 
aahydiides with hydrogen or sodiuixi peroxide. 

Percarboxyiic acids useful ii/ diis invention^ include peracetic acid, 
perpropionic acid, perbutyric acid, peroctanoic acici^ 'pet^lycolic acid, perglutaric 
acid, persuccinic acid, perlactic acid, percitric acid, perdecanoic acid or mixtures 
thereof. These percaiboxyhc acids have beea fdimd to pix)vide good antimicrobial 
action with good stability in aqueous streams. 

In addition to pcracetic, peroctanoic and ^crdfecanoic, particularly preferred 
percarboxyiic acids incMe pCiproptoiSiiJ i>^vfi^/n perlactic and 

percitnc £lcids. * 

' . ■ - ^' .t ' k' . 

The process of the invention also uses a combination of peracetic acid with 
other percaiboxyfic acids, prefi^ly;^*^those^^naiiied^-ab6ve and particularly, 
peroctanoic acid. Th& combinati<£rofVperdiitbxyhc^'^^^^ kkas been found to 
* provide preferired aniimicTobial efficacy ai^^ 

orgutiic loads. Generall>, vmhih the safilti^er, the concentration of, for example, 
peroctanoic acid may range from about 10 wt-% to 90 M-^/o and preferably from 
about 10 wt-% to 20 wt-%. The concentration of peracetic acid may range from 
• ' ' * - dbdut 1 0 wt-% 90 wt-% and prefeably &6ih abbut 80 wt-% to 90 wt-%. 

The process of the invention also uses peracetic acid. Peracetic acid is a 
peroxy carboxylic acid having the formula, CH3COOOH. Generally, peracetic acid 
is a liquid having an acrid odor at high concentrations and is freely soluble in 
water, alcohol, ether, and sulfiuic acid. Peracetic acid may be prepared through 
any number of means known to those of skill in the art including preparation from 
acetaldehyde and oxygen in the presence of cobalt acetate. A 50% solution of 
peracetic acid may be obtained by combining acetic anhydride, hydrogen peroxide 
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aid ?n.^fi:ric acid. Otbm m&thods of formutotlon of i.«raceiic acid include those 

^iscliX' n 'J S. P^,t. Mo. 2,833,813, wblth $ aicorpcnated hca*ii: by reference. 

:tr )r St prefeirsJv? crrbodimeni, tlie process of the invention uses 

Generation of the peroxy acids may be accomplished in various manners 
known iu the art. Specifically, the peroxy acids may be fonned through the use of 
peroxy acid concentrate compositions. In such a case, the pmaiboxylic acid may 
either be generated naturally or through the combmation of a hydrogen peroxide 
concenU-ate together with a Ciji)0xyIic acid concentrate at the site of use such as 
that process which u disclosed in Lokkesmoe et al, U.S. Pat. No. 5,122,538, which 
is incorporated herein by reference. Furthetmore, the peroxy acids may be formed 
by the methods disciosed in Loldcesmoe et al., U.S. Pat. No. 5,674,538, which is 
incorporated herein by reference. 

' I. 

Hydrogen t eroxFde 

Tlir ' *).?^i»o!'i 1 jOhi^ «i3idon of the invention may ^Iso comprise d 
hy^iroijt'n , e. sic coiiftitoenL Hyiogsn peroxide in combination with the 
pvrca)?'o^:'!> ulc a soq. nsixig Iri^el of antimicroU&l action against 

microorganisms despite the presence of skin , tissue and futestinai contents, 
tn'icose L 'rdlciU t«nd membrane mat@rielj and sediment Additionally, hydrogen 
peronde may piovide an effervesceni action which may iirigate any surface to 
which it is applied. An additional advantage of liydrogen peroxide is that 
combinations of perlactic acid and hydiogen peroxide result in lactic acid, water, 
and oxygen upon decomposition all of ^vhich laxe food product compatible. 

Generally, the concratration of hydrogen peroxide within the composition 
used in the process of the invention ranges from about 1 weight percent to about 50 
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weight peT*er:t, pre^'^rably from about 3 weight percent t© about 40 weight percent, 
and most preferably frdm.1abotit 5 weight percent to about 30 weight percent. This 
concentration of hydrogen peroxide is most preferred as providing an optimal 
• antimicrobial effect. These ccncehtn^tions of h>'^gen peroxide may be increased 
or decreased while still remaining within sca^e of L.^- in . en ion. 

Additives . i 

The antimicrobial composition of the invention may also comprise any 
number of additives e.g. stabilizing agents, wetting agents, as well as growth 
factors, growth stimulants, vitamins, mineral siqsplements, antibiotics, drugs, and 
Other nutrients that aid the growth and health of the animal receiving the 
formulation. 

Stabilizing agents may be added to the composition of the invention to 
stabilize the percarboxylic and hydrogen peroxide formulation and prevent the 
premature oxidation of this constituent within the composition of the invention. 
Chelating agents or sequestrants generally useflil as stabilizing agents include: 
" aikyl diamine polyaceuc acid'-typo (delating agcaits such as EDTA (ethylrae 

• r diamine tetraacetate. tetrasodKur a sait), .Ji^Uc ai^ i/^^zxryUo icid type stabilizing 

-r agents, phosphonic acid, phoTpho?iat>t>^ ' chelating agents among others. 

A Preferable sequestr'-nts include: phosphonic acids phosphonate salts 
r including 1-hydrpxy ethyldene-l, 1-diphosphonic acid (CHaCffOa H2)20H), 

ami!:o[tri(methylene phosphonic acid)] ([CHj PO, HJ2 (ethylene diamine[tetra 
methylene-phosphonic acid), 2*phosphene butane-1, 2, 4 tricarboxylic acid, as well 
as the alkyl metal salts, ammonium salts, cr alkybyl amine salts, such as mono, di, 
tri, or tetra-ethanolamine salts. The stabilizing agent is used in a concentration 
ranging from about 0 weight percent to about 20 weight percent of the 
compo sition, preferably fix}m about 0.1 weight percent to about 10 weight percent 
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of the ccLttposi*^.cn» m ^ most prefenbh/ froir «hout 0.2 weight percent to 5 weight 
percent of the conposi t^nn. 

Also useful in th/? comrosit?.on of the invention ai« wetting and defoaming 
a^'enis- Wetting agents fiuiction to increase the penetration activity of the 
antimicrobial composition of the invention. Wetting agents which may be used in 
the composition of the invention mclude any of those cor:stituents knovm within 
the to rais-^ the Rvxface wjtivily of the composition of the inveraiion. 

Along these lines surfactants, and especially nonionic surfactants, may also 
be useful in the present invention. Nonionic surfactants which may be useful in the 
nre^ent irA^entipin are fl:>se which comprise ethylene? oxide moieties, propyle^ie 
oxide moietieSs, a^ well a mixtures thereof, amLethylenc omlc-propylene oxide 
moieties in either heteric or block formation. Additionally ?issful m the present 
invention ars Tsonionin snr!actants which comprise alkyl ethylene oxide 
, cprapoundSe tlkyl propylene oxide compoimds, as w-^l! ai mixtures thereof, and 
aJkyl ethylCTc oxidc-pmpyleae oxide cornpounds where tl^e ethylene oxide* 
prppyleae orid^ moiety is either in het^rlc or block formation. Further useful in the 
present mvoation are noqionic surfactacits hsiving any mixture cr combination of 
ethylene ©xide-propylene oxide ir oieties linked to a alky! chain, where the ethylene 
oxide and propylene oxide moieties may be M any randomized c * ordered pattern 
and of aay sperifir lenpth. Noniordc svxf^ctants v^eM in the present mveiition 
may also comprise randomized sertionf; of block and heteri;; ethylene oxide 
propylene oxide, or ethylene oxide-propylene oxide. 

Generally, the concentration of nonionic surfactant used in the invention 
may range from about 0 wt-% to about 5 wt-% of the composition, preferably from 
about 0 wt-% to about 2 wt-% of the concentrate composition, and most preferably 
from about 0 wt-% to about 1 wt-% of the composition. 
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llie couip6sftion used in tiie pmc^s of in^^tibn ifiay also contain 
additional ingredients as necessary to asstsi in defoaming! 

Generally, derbamers which may bt used in accdhlance with the invention 
include silica and silicones; aliphatit ztidJ or esters; altdibls; sulfates or 
sulfonates; anunes or amides; ' halogenated '^ dompbuiids such as 
fluorochlorchydrdcarbons; vegetable olis, waxes, min^ oils as well as their 
sulfated derivatives; tatty a^td so^s such as aikaii, £dkaiine e^rth metal soaps; and 
phosphates and phosphate esters such as alkyl and alkaline diphosphates, and 
tributyl phosphates among others; and mixtures therec^* 

^ SjpeeiaUy preferable, are ihc>se iriAffea^^ defoamers which are 

of food grade (Quality givisn the kpplication'of thei>rbcess of the invention. To this 
end, one of the more effective aritifoiiming^^ a^eiit& t^^ silicones. Silicones 

such as dimethyl silicone^ glycol poiyisiloxM&e; tni^yl^ poiysiloxane, trialkyl 
or ve&alkyl silaiifes, hydrophobic ^tieaMieifoMehf kkd nmttuies thc^f may all be 
used' in defoaming apphcations: t^^ commonly available 

■I V indUde silicones such as Ardefoafir^*^ ff?>iii Arihoi^iiidtistriai Cheinical Company 

vy^Mdh is a silicone bomld' in ari oigamc^ emiflsioh;' or Kresseo™ 
available from Knisable ChcmifiU Cionipatfy which ai^ silicone and non-silicone 
tjpe defoamers as well 4is\silic<Mi« ester^fiiid'Aiiti-FBam and DC-200 
^ fiom Dow Corning Corpot^on which are 6oth food grade tyjpe silicones among 

others. These defoamers a^e generally present at a concentration range from about 
0 wt-% to 5 wt-%, preferably from about 0 wt-% to 2 wt-%, and raost preferably 
from about 0 wt-% to about 1 wt-%. 

Food Agents 

The formulation car contain flavoring agents, buffering agents and food 
preseervatives: such as ascorbic acid, soibic acid, citric acid, glutaric acid, 
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phosphoric aci4 miiiio acid. These add' ' . ijiprovc iialatabiJity and taste, 
tiisrsby prDmoting consutr-pdoa by tL*: a .!kuais. These agents may also improve 
overall health and nutrition of the animals, as we^l as pir: .noting further microbial 
destruction. Mineral salts may also be added. Glucose and sugars may also be 
addti. 

Genera Jon of Perixy Ac\ds 

"/he pttucesL of fce Imenticr. may aUo ho uuti:ted through the use of 
peroxy acid concentrate compositions. In such a case, the percarboxylic acid may 
either be generated naturally or through the combination of a hydrogen peroxide 
concentrate together with a carboxylic acid concmtrate at the site of use such as 
that process which is disclosed in Lokfc:esmoe et al, U.r. I at No. 5,i.22,S3f^, issued 
Jun. 16, 1992, which is incorporated herein by reference. 

T}.e 'i\:.;y f it orgRnjsm^ as cen^pstitive e:ic1^is:>r> microflora for 

ths lecluctiou c:T : rfonizatb^. ir poultry- has heen discovered. 

Ccmpciitiv e)!: ;his'>.i iri- LiKjr,. r'5n»,s indu'iing Clostridium ^pr^^ Streptococcus 
fa^cciiii^ ElpAhbn*^ u ipi^.^ Pni^sroides hypeiTnegas h«^^' b^ examined. 
Furthermore, preparations 'X)ntaining several rtrains of single s!>ecies, such as 
Bacteroides spp.^ Bifidobacterium spp,, and Escherichia spp. have also been 
evaluated. Competitive exclusion diminish the populations of gram^negadve 
enteropathogenic bacteria such as Campylobacter and Salmonella. 

The method of this invention can also be applied in tandem with the 
addition of competitive exclusion microorganisms to the animal. The peroxygen 
formulation is added to destroy target pathogens, e.g., human enteropathogenic 
bacteria capable of colonizing poultry. Of particular interest are Salmonella and 
Campylobacter species. Competitive exclusion microorganisms can be introduced 
to the intestinal tract subsequently, allowing sufficient time for the active 
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disinfection ingmsdienfei to dissipate. Tllcr intestines^ now fcaijboring reduced 
numbers of microbial p.^thogdns are mors; jcapalle of bein<; cotonized by the 
exclusion cxganisms. ■■ u- 

Both peroxygen compounds and competitive exclusion microorganisms can 
be administered by oral gavage, in drinking water, in feed/foodstuffs, by spraying 
newly hatched chicks with an aqueous si^spensinn^o^ a ccn^tnation of the above. 
This combined treatment would preferably be performer? ear ly and as frequently as 
possible. 

EXAMPLES 

The formulations are applied before the slaughter and degutting and 
cleaning of poultry. The treatment fbri^. Jiiific^ £irQ'p3ate®d iu \c /drinking water, 
feed/foodstuffs or litter/ However, dui!Si4isci^!£n^€ms can be applied. This is 
where intestinal tract disinfection IB po^^Drmed on ths live wimal in the period 
beSiiiw slaughter, such as the &^ ?/rtkdrawd jtmo^ Vic formulations of 
cai&oxylic acids arc; ti.en^a|3plied4:^thrmest ihdng gi^ttitig, processing cleansing 
and packagmg stages. • ^ ^ > ^ > ^ . 
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leased on in vitro and ir vivo data, it appears that the incorporation of 
freshly made peroxygenated and/or oxygen activated solutions into animal 
drinking water prior to ;ilaughter may represent an effective ^^proach for the 
rec'wc;I^u of p^tao^eniv^ IjctJiia in «hi& GI tract of food animals. Although 
Salmonella were the only species studied, it is anticipated that this approach would 
also be succe^siiil for incativating diverse pathogens on a variety of surfaces, 
including but not limited to, Campylobacter. E. colU Listeria^ other bacteria, 
viruses, spores, prions, and yet undescribed infectious agents. 

EXAMPLE 1 

A variety of chemicals have been evaluated for efficacy as a drinking water- 
based biucide for 'i^dniiiustrkiion to blids during the period of feed withdrawal. 
Ozone, a powerftil oxidant witli excellent bacteriocidal effects za drinking water, 
was shov/n to a veiy palatebie oxidant. It was founa, however, that the biocidal 
etieci of this disa iveci, slicn-hved oxidaiit was miuimal la the crops of market-age 
broilers. This ineffectiveness is thought to be due primar.ly to the high ozone 
demand of the ingesta iisel^ which consumes the majority cf the ozone and 
subsequently p/events delivery of sufficient ozone to the bacterid sur&ces. 

EX/iM?Lfc2 

Organic compounds have been evait^ted tor biocidal efiScac^ in the upper GI 
tract of poultry, including D-limonene. This chemical showed excellent results in 
vitro; that is, the compound was able to achieve excellent bacterial kills in the 
presence of potentially interfering compounds found iii poultry ingesta. However, 
broilers demonstrated renuokable water tc£x^I when diis compound was 
introduced into the drinking water, even at the lowest biocidal concentrations. 
Organic acids have also found utility as a diinking water biocide for gut bacteria. 
As was the case with the D-limonene compound, acetic acid had excellent in vitro 
antibacterial capability, but elicited a significant water refusal response. The 
compound which has demonstrated the most promise for diverse antimicrobial 
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applications ip the food industry^, without undesirable organoleptic characteristics, 
isl^ticacid, 

EXAMPLE 3 - Foimuktions of Pmxy Compouids (P^jcids) 

Three peracid solutions were made in the laboratory, olluted to concentrations 
that were pialatable to broiler chickens, evaluated for biocidal activity in vitro at the 
concentrations that showed promise for palatability, and evaluated in broilers for 
disinfection of Salmonella enteritidis m the crop. 

Preparation of Peracetic Acid 

To a 250 xnLf Erleomeyer flask was ^dei 110.6 grains of glacial acetic 
acid, 89.4 grams of 35% hydrogen peroxide, and 2tOO of concentrated sulfuric 
acid Hie contents of the flask were mixed thoroi(g^y. This resulted in a peracetic 
acid concentration of 12.8 pcrcrat of a pure peragetic rcid cpnceaitration. 

*r : Preparation of Pprlactic,Aqid|^^ ♦ , , 

^, To a 250. mL ErleflBveyer^ jaadc jyai? added J 35.6^ grams of 88% lactic acid, 
64.4 grams of 35% hydrogen pmxide, and 200 ^L of concentrated sulfuric acid. 
The contents of fhe flask were mixed thoroughly. This recited in a perlactic acid 
ooncentration of 1 .4% of peracetic acid on a wt % basis. ^ 

Preparation o^Percitric Acid 

To a 250 mL Erlenipeyer flask was added 30 grams of citric acid, 7.6 grams 
of 35% hydrogen peroxide, 200 jiL of concentrated sulfuric acid, and 162.4 grams 
of deionized water* The contents of the flask were mixed thoroughly. This resulted 
in a perx^itric acid concentration^of 0.8% of peracetic acid on a wt % basis. 
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Tac^^ peracii cohir/'^ns were di^utted ir. v^ter voicus wt % concentrations 
ai.cor£:ng to the theoif;tic :i cont{entr:.,tiori& of the resultajit peracid as expr^sed as 
a % 3f pera^etic ai.*id (bjoised on csric sulfatcA^odium thiosul&te titrations). These 
di?ut.d ^CiHcidt. Wire evaluated in \itri7 and in three sfe^^dies ir, vivo (market age 
oiler chickens). 

EXAi4PLE 4 • Dmon^trutinri of Pal&tabi'iQf Pej^xy Acids in Poultry 

Broiler chickens (6-week old, n»80), housed in a pathogen isolation building, 
were given free access to rood and water for several days. At 8:00 A.M., the water 
was removed from the pens which housed 20 birds each. At 3:30 P.M., the water 
was reintroruced to the birds and the feed was remcved; five hh\k were weighed 
from each group. The four groups of birds were foliows. Coiitrol water (no 
peracid); 0.6S% peracetic acid in the drinking water; 0.012j% p^lactic acid in the 
drinkuig water; and. O.U \25% percitric acid in the diinking v^atei*. The birds were 
weighed after 2 hours of drinking the peracid or contioi water to indirectly 
detenmne water consumption. TLe results of this study are shown in Figure 1. 

The (fela xggoa s tb^at fh <;.wjr?t"Ltir»n«* given to the brokers for the two 
hours iiliet " e /c: -hr r 'v«tcr r^icr^ ^OT?od, percitric acid was the most 
palatable, ?cs;Ik.lic d^irrf by the bird: and pex^jcetic acid caused 

i;igni£c:an \VaUir rafarl. \5thrv.£h ill trer^nent groisps showed less water 
consuiiipdoil afiei additiciu of ;?sr4cid to ±? drinking 7/ater. ? general acceptance 
of perkctic and peicitric at lo 3r JioncsTitrations is impUed. 

EXAMPLE 5 - In vitro and In vivo Disimlxtioii of Salmonella enteritidis 
Another study was performed to determine the bactericidal effects of the same 
three peracids investigated in the first study. Eleven tubes were filled with 0.5g of 
autoclaved broiler feed to which lOOul of a Salmonella enteritidis culture broth 
was added. Two of the tubes were additionally filled witxi 1.9 ml of distilled water 
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and the reiii iuLig nist were Blkd witli an a^iti^'cal 1.7 i^^of HjO. The peracids 
were added to the nine tubes to achieve a Oi0125% of each ofi the three peracids 
and two subsequent dilutions tu achieve 0.00625% and 0.003125% of each. The 
samples were incubated at 37^C and vortexed. After Ih/^hr samples were plated 
and diluted to yield a plate count of 10^ and 10^ cfu/cc^ i i 

The results shown in Figure 2 show that peracetic acid is a poor biocide (at all 
concentrations) in the presence of the Scjne org2snic matter which is expected to fill 
the lumen of upper GI tract of birds during feed withdrawal. Percitric acid showed 
significant biocidal qffects for Salmonella zt the highest concentration, but the 
diluted samples were not as efficient However, perlactic acid showed a 
disinfection efficacy at all concentrations. The highest concentration tested 
eliminated ihc^almonella to levels that fell below the detection limit of this assay. 
These dat? show that while peracetic acid solutions may not be suitable for a 
drinking water biocide, perlactic and percitric acids are still good candidates for 
evaluation in live broilers. , 

EXAMPLE6 

' To detennine die bi&ddal^ ^ect . ar'actic as*;* -rci^'k: on Sahnonella in 
the upper GI tract (ci^ps, of broilti cfcickcia^, pcraddf^o^^ns were added to the 
diiiiicers such tiiaf the concentraion of pts^k. lic v\£ ''06 or 0.003 % and percitric 
was kt a 0.03% coficbntnitioa The biitls Jepnvea of wateir for 8h prior to an 
' 8ii fceo withdrawal pmod and allowed to drink Ac water for 8h. Prior to 
reintroduction of the water with the test compounds, the birds were gavaged with 1 
ml of 10* Sahnonella. After the 8h test consumption, the birds were terminated, the 
crops removed aseptically, stomached for 30 seconds, diluted and plated onto BGA 
withNO/NA. 

The results shown in Figure 3 demonstrate, for the first time, that perlactic and 
percitric acids are effective in achieving a multiple log reduction of Salmonella in 
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the crop after only 8h ot exposure to tne driukiug ^ /Hier ckermcai. It also appears 
that peilactic can achieve a greater uactefitidai etiect at lower concentrations than 
percitric, making It the best candidate for furthei dtudies. Furtlier, the two log 
reduction of Salmonella at 0.003%, coupled with the in vitro and palatability data, 
suggests that higher concentrations of lactic may also be used to achieve even 
greater idUs in the? Gf tiibcL 

iEXAMPLE? 

Another experiment was dcsig;:ed to further characterize the disinfection effect 
of perlactic acids when diiferait conjumpdoa prsssurer were placed on 8 week-old 
broilers. All 6t ine' &inis tkd Oie feed i-emoved 8 h'xm pdar to slai]{j(hter. Pevlactic 
acid was added at 0.003125% (30 ppm) to the drinkmg water for ^he last 8 hours of 
the study (teed williilrawal period). The mst treatment gn>up bad water remove 8 
hours prior to the 8h feed withdrawal (PL 8-8-8) and ^ht^ second treatment group 
had only ieed withdiHVval/p^na^^ treatment (PL 8-S). The last gioup had access to 
the peracid iii their drinkiiig v^h^r 12 houi^^ prior to slaughter afid the feed taken up 
4 hours aftei that yieiding a imai feed witlidrawal time of 8?^ 12-8). At the 
conclusion of the study, the crops were piticessed mi©robiol9feT:^ally similar to the 
metfidds desciibl^ for Figi^ 3. 

The results in Figure 4 show that increased biouide expos!^<; time or water 
deprivation prior to feed withdrawal does not increase th^ oiocidal effect of the 
perlactic solutions. Additionally, the results obcamed in this study suggest that the 
effectiveness of the perlactic solutions was diminished when compared to the 
results obtained in Figure 3. The ireason for this is not clear; however, these two 
studies were performed 1 week apart but used the same perlactic concentrate, 
suggesting that the biocidal component(s) of the pearlaclic solution had degraded 
over time. This is in agreement with the Ut^ture which has shown that peracid 
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fomulat^ons are, unstable and will degrade over a period of sevml days. 
Therefore, it is believed t^at aa effective drinking water peracid delivery device 
v/ould have to be capable of met-^g and[ mixing the peracid solutions fresh as 
they are needed in the drinker devices at the animal feeding facility. 

EXAMPLE S . . ^ 

In the final broiler study, forty-fiv^ 8-week old broilers were divided up 
into 3 groups with 13/group. Upon feed withdrawal, all birds were gavaged with 1 
ml of a 1 X 10^ challenge of Salmonella enteritidis. At this time, all feed was 
removed and the drinking water treatments administioed. , Group 1 (control) 
received only water, group 2 (PL 30 ppm) received perlac^c acid with the substrate 
added and gioup 3 (L -f HjOj 30 ppm) received a combination of lactic acid and 

' ^ ' lydrogct peroxide, without ^jc^^ditipj* ;jgf,^e|flQi^^ component, 
at tie same concentrations the perlactic) ^acidi*. All-ups received the same 
^ withdrawal time of 8 hours. ^ At <the, tipg^^^W^^^ were aseptically 

collected aflencervical dislocation. , The, i;xpp^ W to whirl-pac bags 

coiltainirig 10 ml otPBS. .iThe bags jveyj^^tp^igw^bed f^ s^c where upon 250 jil 
weref removed and addqd to 2.25 jpj c^ 

• - ' remoi^ed and added to 4-5 mi PBS &» dilutign purpose^ 100 ^1 per tube were then 

pl^ onto BGA with NO/NA. ^up?5^fl 3 werp directly plated from the 
whirl-pac bags by taking lOOjil from,^ bag a^i^^j?^ plating it onto BGA 
plates. These plates were incubated for 24 hrs at 37X. The plates were counted 
for, CPUs and log IQ jreductions. After the bags had been used for dilution 
pmposes, 9 0 ml of tetrathionate broth was added for enrichment purposes. These 
bags were incubated along with the plates. 24 hours later, 1 loopful of the bag 
conten ts were streaked onto BGA plates for +/- observations. 

Perlactic acid at 30 ppm (group 2) and lactic acid and hydrogen peroxide 
(group 3) were iqiplied to the drinking water of SB challenged broilers as treatment 
groups. Tlie control group received water alone. Perlactic acid (group 2) appUed 
to the drinking water for 8 hours achieved a 2.71 LoglO reduction in Salmonella in 
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the Ci p while lactic acid witli hydrogen peroxide without the addition of inorganic 
acid (.:3roup3) applied to the drinkuig waiwr ior S hours had only a 2.23 LoglO 
reduction as compared to the concrbl (Fig 5.). White the difSsienze between the two 
treatr: ^nt fTOups shows oiiiy a half log dififerecce in biocidal effectiveness, this 
data suggests that the preformed peracid solutions have a gre^ater biocidal potential 
than the peroxide and acid alone. 

EX/ I*€:*LK 9 - S^^ricidal Activity of Peroxy Acids 

Ai. fxpT'i^f! was performed to assess ?! what concentration peroxygen 
compounds shovid be iucofporated into a decontamination s^l fomiulation for 
dis!i?f«^tiari of s^ir^es. Since peroxygen compounds, particularly peracetic acid, 
hav? limited stabilily. It is preferable that the hydrogen peroxide and the acetic acid 
are niixcU a; Ok c*ost to Aei tiiuc cf tise . GlasR r* fcics, on which were heat-fbied 
Bacillus subiilfs cpores, were dipped into the ireatmerit solu'don for 15 minutes. 
The slides wsre then removed from the treatment solution and vigorously flushed 
with w£*er to r%i*.ovo an:^uesidual biocide (either acii, peracid, or pero^^ The 
spores were lem^ved from \tie glass slide by sonicatuig in PBS (buffer) for one 
hour. DilutiorxS v/ere plated to determine how many colony-forming units (CPU) 
were present per milliliter. 

The results fix>m ^lese experiments are listed in Table 1. The table describes 
some experiments th ' were done to determine the effects of acetic acid 
concentration, hydrogen peroxide concentration, and the preser: ce or absence of gel 
(firaied silica) on the destruction of Bacillus subtilis spores. The concenimtion of 
acetic acid (HOAc) was mixed with an equal volume of the concentration of 
hydrogen peroxide (H2O2) and used to treat spore coated glass slides. 

It is apparent from Formulation #1 lhat mixing equal volumes of 12 M acetic 
acid with 2.2 M hydrogen peroxide produces a very potent sporicidal agent 
Likewise, more dilute mixtures (Formulations #2 and #3) are also very effective. 
This sporicidal effect is mdependent of the gel because identical results are 
obtained when the gel is omitted (Formulation #4). The comparison of the 
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sporicuial effect of Formij^oDiS! #4, #5. #6, demon^rate that the mixture of 
hydrDgen peroidde and , acetic ^cid is considerably bettCT than either solution by 
itself and is also better than the smx of i^e effects of the acetic acid and peroxide 
solutions. This result imolies the fonnation of peracetic acid. 



Table 1. Treatment of Bacillus subtilis spores with peracetic acid formulations 



No. 


Presence of 
Fumed Silica 


[HOAc](M)' 


{HA1(M)^ 


HOAc : HA 
'l.Ratio 


Spore log 
reduction 


1 


Yea 


12 


2.2 


„. r 5, . 5 


>7.5 


2 


Yes 


5.0 


o.?o . 


5,6 


>7.5 


3 


Yes 


1.2 




5.5 


>7.5 


4 


No 


M 


. 2,2 . 




>7.5 


5 


No 


12 


0 


NA 


4.4 


(> „ 


No 


12 


2.2 


d 


1.9 


sb]uti< 


CaiSiytic amuamti of sul£mr and were included in the acetic acid 
ya to increase the rate of peiacid foimation. 



/I 
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WliEk ;u Claimed Ir: 

1 . A method for controlling microbial populations in the gastrointestinal tract 
of h/Jixg animaia, compti'^ing the st^p of sdinini&terin^ an effective amomit of a 
peracia compound to an animal. 

2. The method of claja 1 , wherein iLc peracid ts a peroxygenated carboxylic 
acid selected fiom performic, peracetic, perproprionic, potoxyfaeptanoic, 
pmxyncjuanoic* pcriauric, monopeighit?tic« diperglutaric, succinylperoxide, 
derivatives of perbenzoic acid, magnesium salt of peroxyphthalate» benzoyl 
peroxide, t-- utylhydroperoxide, perlactic, percitric, pecbutyric, peroctanoic, and 
perglycolic. 

3. The method of claim 1 , wherein the amouni of la*:^ peracid compound 
administwtu is efiective as a biocide. 

4 Th6 niwthodisf ckoiu wheiv^k the anaeimt of the peracid compound 
administered is effective to teducr the population of microbes se!ected from 
Salmonella, Campylobacter, E. ColU Listeria, zoAHelicobacim^ 

5. The method of claim 1/whcdrem the abimals are sdectisd f^m huma^as and 
c:' ^ vertebrate imimals. 

6 Th; method of c'v*^. L wherpsn the animals are poultry. 

7. The method of claim 1, wherein the step of administerini^ th*? peracid 
compound is performed over a period just precedmg slaughter. 

8. The method of claim 7, wherein the peracid compound is administered by 
adding the peracid compound to drinking water. 

9. The method of claim I, wherein the amount of the peracid compound 
administered is effective to kill microbes in the gastrointestinal tract. 

10. The method of claim 1, wherein the peracid compound is administered orally. 

25. 



SUBSTITUTE SHEET (RULE 26) 



wo 01/52827 



PCT/USOO/08316 



11. The method of claim 11, wherein the peracid eoim)pund is provided in 
drinking water. 

12. The riiethod of daim 11, whecsm the perj^id CQmppuncj is provided in 
feed/foodstu£Fs. ..t 

13. A method for controlling microbial populations in the gastrointestinal tract 
of hving animals, comprising the step of: , • - , ^ ^ 

administering an effective amount of the reaction product formed by 
combining: v' 

(i) all orgaric acid having one to eight cq^on atoms; 

(ii) an inorganic acid; and 

(iii) an ihorgamc peroxide compound - ' * 

14. The method of claim 13, wherein the organic acid is selected fixim acetic, 
citric, lactic and combinations thereof. 

, IS. The method of claim 13, wherein the inorganic acid is sulfimc acid. 

1 6. The method of claim 15, Y^herei9:|^e sttliuripqp|4 functions as a catalyst. 

17. The method of claim 13, wherein the inorganic peroxide compound is 
seloited from hydrogen perpxide,.so^j^i)e^^ peroxide, calciiun 
peroxide,.peHK>|ates, percarbonate^, persulfates, permanganates, and combinations 
thereof: ' " ' ^'.^>c- ci ^ ■ - v^., / 

18. The method of claim 13, wherein the ratio of oi^anic acid/inorganic 
* acid/inorganic peroxide cpmpoimd is between 10:0.01:1 to 1:0.01:10 

19. A method for controllii^j^ microbial populations in the gastrointestinal tract 
of animals, comprising ttii^ste^'ot^t^;^ adibim&iering an efTective amount of a 
compoimd having the formula: 

OOH 

wliere R is a group selected from alkyl, arylalkyl, 
cycloalkyl, aromatic or heterocyclic; and 
where n is one or more. 

20. The method of claim 19, further comprising the step of providing the 
compound in an aqueous solution. 
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21 . A biocide for ingestion b^* live animals coinpnsing: 
An aqueous solution coii^risi&g a pcradd coii:|)ouad. 

22. The biocide of c:::;im 21, wherein the solution fcas a peracid compound 
j£3iicda!iationl>et9(recn about 0.00001 and about S«0%. 

23. A Wicide for ingestion by live animals, whersin the biocide is foimed by 
combining: 

(a) w^::ganic and bavins one to eight carbon atoms; and 
ni\ fin M^ornuiic pesoxide conqpound 

24. Thi^ biocide of claiai 23, wherein &e organic acid i% selected finom acetic, 
citric, lactic and combinations thereof. 

15. The bi Ado > f "Inim 24, whoein the inorganic peroxide compound is 
hydrogen peroxide. 

26. The f '^• Mo zhira 24, wherein the biocide is formed by further 
combining: 

( i)2n .torn* u -c cid. 

27. The biocide of claim 24, wherein the inorganic acid i^ sulftoic acid 
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